ABSTRACT This manuscript describes the development of the Census of Social Institutions (CSI), a reliable direct observation parcel-level built environment measure. The CSI was used to measure all non-residential parcels (n=10,842) in 21 one-mile-radius neighborhoods centered around census block groups of varying income and ethnicity in a large metropolitan area. One year test-retest and inter-rater intra-class correlations showed high reliability for major use type and detail code observations. The CSI accurately captured the presence of about 9,500 uses, including 828 multiple major use and 431 mixed major use parcels that would have been missed in standard commercial databases. CSI data can be utilized to determine the health impacts of environmental settings.
code or census tract), and emphasized the need for reliable, direct observation instruments. 6, 8 Direct assessments enable researchers to observe and measure behavior settings first hand. However, previous direct audit instruments are limited because they used street segments (i.e., the portion of a street between two consecutive cross-streets), and not parcels (i.e., legal units into which property is divided for sale and purchase), as their observation unit, resulting in less detailed information about the built environment [9] [10] [11] including restrictions on the number or combination of possible institutional uses per observation. This paper describes a novel direct observation parcel-level measure, the Census of Social Institutions (CSI). The CSI catalogs all uses and conditions of non-residential parcels, and can even note multiple or mixed uses within establishments or parcels.
METHODS

Study Design
The CSI was developed as part of a larger multi-level study examining environmental risk factors of obesity that employed a cross-sectional three-group nested design in a five-county region from [2003] [2004] [2005] [2006] [2007] [2008] [2009] . A total of 21 census block groups were randomly selected from 9325, stratified by aggregate income tertiles from the 2000 US Census, to ensure adequate sample size and power for the parent study. 12 Inclusion criteria included (1) being within one standard deviation of the tertile group's average median household income, (2) being non-contiguous, (3) ≥19% of residents from an ethnic minority group, and (4) 9400 residents.
Measure Development
The CSI coding scheme was developed to be compatible with the North American Industry Classification System (NAICS; http://www.census.gov/epcd/www/naics.html). The CSI was used to identify broad Major Use Types-principal land use (e.g., commercial) and subsequent Categories (e.g., retail trade) and Subcategories (e.g., financial institutions). However, the CSI differed from NAICS in three important ways. First, the CSI was developed as a parcel-based, GIS-linked observation procedure that could be tailored to any geographic area where parcel files were available. Second, using many micro-level Detail codes, the CSI could identify single or multiple detailed uses within parcels. Third, the CSI recorded a mix of major use types within the same parcel (e.g., commercial and public commons: public park with a concession stand) using major use type, category, or subcategory.
CSI Details
After selecting the correct area, street, block, and parcel number, the CSI was used to verify or correct each parcel's street address. The major use type was selected from the options shown in Table 1 .
Next, the buildings on each parcel were counted and the structure profile (i.e., number of building stories) was selected. Individual establishment(s) name(s) were noted if available (e.g., Memorial Sports Complex, Central Park) and all relevant detail use codes were assigned. Multiple categories, subcategories, and detail codes also were assigned to a parcel as appropriate, depending on the number of uses and Procedure A 1-mile radius circle was drawn around the centroid of each of the 21 census block groups as a proxy for neighborhood and to approximate frequently traveled areas for residents. 13 Each 1-mile radius circle was divided into seven rectangular parcel maps, which were used by data collectors for the audit All data collectors were trained over 3-day periods in use of handheld computer devices, definitions of CSI terms (e.g., parcel ID, field address), and the use of parcel maps. Data collectors completed two trial data collections in one community training area. Each team was provided a cellular telephone, magnetic automobile signs, safety vests, driving maps, and a letter explaining the study.
Teams of three data collectors coded parcels in a systematic fashion. After driving each street segment to assess safety and the presence of any unmapped parcels, observations were conducted on foot. If parcel uses were not fully visible from the exterior of the parcel's building(s), team members entered the building(s) as necessary. One member of the team recorded data for a given parcel and orally confirmed what codes were recorded. Each parcel was coded for major use type; category, subcategory, and detail code(s). Before leaving each parcel, all codes were reviewed. On average, parcel assessment took five minutes. The few larger office buildings with many uses took considerably longer and are not included in this average. Data verification/quality control procedures were implemented including resurveying areas that contained missing or conflicting information (e.g., multiple use parcel with only one detail code) were surveyed a second time, ensuring accurate recording of all visible parcel uses, and that data were consistent with screen options.
Statistical Analyses
We computed intra-class correlations (ICCs) for major use type and detail codes using one-way random effects models as the primary analysis. Because data were polychotomous ordinal, calculating reliabilities for category and subcategory would have been redundant, given the hierarchical nature of the coding scheme. One-way models, which combined variability due to raters, interactions between raters and the objects rated, and measurement error into within-person variability, 14 were the most appropriate method for computing ICCs because we had over 25 different observers evaluating parcels due to staff turnover. We also examined ICCs for twoway mixed and random effects models. All statistical analyses were conducted using SPSS 16.0.
RESULTS
Data were from 10,842 parcels with a non-residential use on 10,211 street segments covering 56.52 square miles. Vacant lots (65.0%, n=7,046) were the most frequent major use type followed by commercial (n=1,949), community institutional (n=566), industrial (n=271), parking (n=218), public commons (n=183), under construction (n=51), vacant buildings (n=37), and miscellaneous (n=2); 88 parcels were missing data. Multiple major use type parcels represented 11.6% (n=1,259) of the total (over half were multiple commercial use), including 431 (4.0%) mixed major use type parcels. Per neighborhood, the number of multiple major use type parcels ranged from 5 to 138 (mean=39.4) and mixed major use type parcels ranged from 2 to 68 (mean=20.5).
Reliability analyses addressed consistency of observations over a 1-year interval. A total of 1,093 observations for repeat assessments were examined, representing a 10% random subsample. ICCs representing 1-year test-retest and inter-rater reliability for major use type, and primary detail code were 0.637 (0.601-0.671) and 0.647 (0.612-0.681), respectively, for the one-way random effects model. For the two-way random and mixed models, the ICCs were 0.638 (0.601-0.672) for major use type and 0.648 (0.612-0.681) for detail code, respectively. All ICCs were significantly different from zero (pG0.001) with F test values ranging from 4.5 to 4.8. Even if our data had met requirements for two-way ICC models (i.e., we had reason to assume ratings could be associated with particular raters), our results demonstrate that the ICCs would essentially be the same as for our one-way models.
DISCUSSION
The CSI demonstrated robust test-retest and inter-rater reliability at the parcel level. Given the high number of staff members involved in the study and the 1-year period between ratings, it is remarkable that major use type and detail code ICCs were so high. In addition, the CSI reliably detected a substantial percentage of multiple uses within given establishments. The 1,259 parcels with multiple and mixed uses in our study would have been miscoded with instruments that capture only a single use per parcel, under-representing their actual uses.
The CSI directly addresses previous concerns 1 by employing direct measurements of institutional presence across jurisdictions. 5 Although the CSI is not the first direct observation measure, the utility of using handheld computers for data collection helps reduce missing data, improve data quality, reduce data processing time and costs, and enhance research capacity. 15 The CSI also provides primary observation data on spatiophysical variables at the microscale, 3 are disaggregated, 6, 8 and can be matched to multiple spatial area boundaries and combined with individual level data or census characteristics. The CSI is limited by the same factors that limit all direct observation measures. The staffing required to conduct parcel-level observations can be prohibitive from both a cost and personnel perspective. However, using the CSI on random subsets of geographic areas to verify database accuracy would be an appropriate use when adequate funding or staffing is a concern.
7 Of importance is the extent to which physical environments remain stable over time. We used a 1-year interval, but other intervals might be useful for other geographic scales.
Our findings show that it is reasonable to expect parcel-level accuracy in audits of physical environments. Future built environment studies should employ direct observation measures like the CSI to confirm environmentally based risk and protective factors, particularly those examining the impact of the built environment on obesity risk.
